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Interior of furnace of Port Washington boiler No. 2 (see page 32) 
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.» the 100th Swan Island Tanker 


and they’re all powered by C-E 


AE SS. W. L. R. Emmet which recently hit the water 
at Portland is the 100th tanker launched at the Swan 
Island yard of Kaiser Co., Inc. The first of these ships, 
launched two years earlier, transported fuel for the invasion 
of Africa. In speaking of the launching of the ‘‘Emmet”’ Mr. 
Edgar Kaiser told the workers “The ships you already have 
delivered made possible the delivery of 1,750,000,000 
gallons of gasoline to our fighting forces. That is sufficient 
to send over Germany 200 missions of 3,000 heavy bomb- 
ers, each mission carrying approximately 2,000,000 tons of 
high explosive."’ 

These ships are of the T2-SE-Al class, the backbone of 
the tanker program. They have shown a speed and relia- 
bility in war service which will help to give them an edge 
in the peace-time scramble for maritime trade. They have 
also shown marked operating economy which, like their 
speed and dependability, is partially attributable to their 
C-E Marine Boilers. 


The fact that all of these 100 tankers are powered with 
boilers designed and built by Combustion Engineering is but 
further evidence of the important role that C-E has been 
called upon to: play in the creation of the country's vast 
war-time merchant fleet. For a substantial percentage of the 
cargo ships of all types — Liberties, Victories and C ships — 
as well as many Combat Transports, Troopships and Naval 
and Naval Auxiliary vessels are powered with C-E Boilers. 
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Atlanta Ice & Bottling Co., Atlanta, 
Georgia. 3 Copes Type OT Regulators 
installed on HRT Boilers operating at 





100 pounds pressure. 


Teun a COPES Feed Water Regulater 


FOR EVERY BOILER REQUIREMENT 
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Industrial Plant. One of two feed lines to 650-pound pressure 
C-E Boiler handling a peak of 150,000 pounds per hour, controlled 
by a Copes Type BI Regulator and Type 3-S-2 Differential Valve. 








SMALL BOILERS? 

For HRT, Scotch Marine, and other 
small boilers, the Copes Type OT Regu- 
lator is ideal. Extremely simple, easy to 
install, compact, direct operated. 


Sizes 34" to 2’’, 250 and 300 lb. stds. 
WATER TUBE BOILERS? 


For the conventional water tube boiler 
subject to ordinary loads, the Copes 
Type BI Regulator is universally the best 
known simple level regulator. Fully auto- 
matic, thoroughly reliable, smooth acting. 
Direct or relay operated. Sizes 34’ to 8" 
all pressure stds. 


SENSITIVE BOILERS? 


For boilers subject to severe load fluc- 
tuations or those sensitive to shrink and 
swell, the Copes Flowmatic is the correct 
answer. This steam-flow water-level 
control is the most rapidly accepted 
development of recent years. Direct or 
relay operated. 

Sizes 11/"" to 8”, all pressure stds. 








3 For SAFETY acd ECONOMY Sfectfy 


O be most effective, your feed water regulators must be 

suited to the particular requirements of the boilers they serve. 
Boiler design, firing methods, operating procedures, load de- 
mands, and space limitations all require consideration. 

Whatever your boiler plant characteristics, you will find a 
Copes Feed Water Regulator that is “‘made to order.’ For we 
manufacture simple level regulators and steam-flow water-level 
controls in several types, both direct operated and remote relay 
operated. In addition, every control valve is provided with 
plunger and ports designed for the existing pressures, tempera- 
tures, and rates of flow. 

Thus a Copes assures you of individualized feed water control 
that is in complete agreement with the application. That's one 
reason why there are over 65,000 Copes Feed Water Regulators 
in service. For other sound reasons, write for General Catalog 
No. 12-41. 


NORTHERN EQUIPMENT COMPANY 
156 Grove Drive. Erie. Pennsyluanta 


FEED WATER REGULATORS @ LIQUID LEVEL CONTROLS © PUMP GOVERNORS 
DIFFERENTIAL VALVES @ REDUCING VALVES AND DESUPERHEATERS 


Branch Plants in Canada, England Representatives Everywhere 
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Eddy Paper Corp., White Pigeon, 
Mich. Direct-operated Copes Flow. 
matic Regulator Valve on 550-pound 
Badenhausen Boiler. 
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LOOKING AHEAD 


HAT does 1945 hold for the field of power genera- 
tion? Will the situation differ essentially from 
that of 1944; to what extent are new installa- 


tions scheduled; will they involve any marked changes 
in practice; and what is the outlook concerning fuel? 


These are some of the questions pertinent to this 
season of the year. 


The downward curve of war plant construction over 
the past eighteen months served to make available in- 
creasing capacity in the shops of heavy equipment manu- 
facturers which gave promise of meeting the demand for 
much needed replacements and deferred power plant 
extensions. As a result, an appreciable number of such 
plans were revived in both the utility and the private 
power plant fields. Many of these were given the “‘green 
light” by WPB before the recent turn of events in Europe 
brought about a sudden change in the outlook from that 
which prevailed in the late fall. 


With all efforts now concentrated on increased war 
production and a consequent tightening of controls over 
materials and manpower, not only have reconversion 
plans been frozen, but new installations will require high 
priority to receive early consideration. The need for 
vast additional quantities of munitions, tanks, rockets 
and more ships has already earmarked much steel ca- 
pacity, especially that of plate and tube mills; although 
the pig iron situation, aside from possible manpower 
restraints, will probably not be much affected. There- 
fore, material deliveries, except for high priority jobs, 
are likely to be delayed; and new plants will have to 
prove justification at this time. 


Indications are that such extensions and replacements 
as are permitted will follow, with slight modifications, 
existing practice as to general design, steam conditions, 
size of units, etc., although more specific attention will 
be directed toward burning a wider range of fuel such as 
may be available in the respective localities. There 
promises to be wider acceptance of standardization of 
ratings, throttle and exhaust conditions for large turbine- 
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generators as a result of the recommendations of the 
A.1.E.E.-A.S.M.E. Committee appointed for that pur- 
pose. Moreover, it is unlikely that innovations, such 
as the gas turbine, will find application for strictly power 
production in the stationary field during the present year. 


It is reasonable to assume that the slight falling off in 
total energy demand, as noted in the fall, will again re- 
verse in view of the increased war production schedules, 
at least while the present tempo on the western front 
continues. 


Coal production during 1944, as a consequence of the 
high degree of mechanization in coal mining, set a new 
record with an output of nearly 620 million tons. This 
was slightly under the total demand, the difference 
being made up by withdrawals from storage. Indica- 
tions are that, barring interruptions when the labor con- 
tract comes up for renewal the first of April, the con- 
tinuing supply, amplified by further reductions in stock- 
piles, will be sufficient to meet all essential needs, except 
perhaps for certain high-grade coals required in metal- 
lurgical work. This does not mean, however, that the 
desired quality of coal will always be available for steam 
generation, and firing methods will have to be adapted 
in many cases to the coal obtainable. The oil and 
natural gas situation will probably remain about as at 
present. 


In the realm of fuel conservation the National Fuel 
Efficiency Program appears to be bearing fruit and 
its effect is likely to be more pronounced as the present 
year progresses. 


This appears, broadly, to be the outlook for the first 
half of 1945, and perhaps longer. A sudden termination 
of hostilities in Europe would have its effect, but the 
needs of devastated regions abroad would still be urgent. 
In fact, present commitments covering such work in 
the power field will require much shop capacity for many 
months ahead. Moreover, in the light of the misplaced 
optimism so prevalent last fall, it is probable that con- 
trols will continue fairly rigid until Japan is defeated. 











Port Washington 
Performance 


for 1944 


Wisconsin Electric Power Company, consisting of 

a 690,000-lb per hr, 1300-psi, 825-F, pulverized-coal- 
fired boiler and an 80,000-kw turbine-generator went 
into service in 1936 and has achieved an outstanding 
record for performance in the intervening years. A 
second unit, duplicating the first, but incorporating 
certain refinements,’ was placed in operation late in 
1943. The accompanying data give the performance 
of both units for the respective periods during which 
they have been in service. From these figures it will 
be noted that the inherent reliability and economy 
sustained over the years by Unit No. 1 has not only 


| HE first unit of Port Washington Station of the 





1 See ComBuSTION, January 1944 





Again we are privileged, through the 
courtesy of M. K. Drewry, of the Wisconsin 
Electric Power Company, to report the 
year’s performance of Port Washington 
Power Station together with the accumu- 
lated data since its initial operation nine 
years ago. Added interest attaches to the 
present figures inasmuch as the capacity 
has now been doubled and the second unit, 
a duplicate of the first with certain refine- 
ments, has shown an average net heat rate 
for the year of 10,523 Btu per kwhr. 


been equalled but has been further improved upon by 
Unit No. 2. 

Vital 1944 data for the newer unit, after two months 
initial operation in 1943, show it to have been in opera- 
tion 90 per cent of the time, 60 per cent of which was 
at the rated load of 80,000 kw and that the average net 
heat consumption for the twelve months was 10,501 
Btu per kwhr. 

Recent turbine-blade trouble kept the newer unit out 
of service for a period approximating four per cent of 
the year. The duration and reasons for other outages 
are shown in the accompanying tabulations. 

The heat consumption averaged about one per cent 
under Unit No. 1’s best annual average of 10,596 Btu 


COR eeeee 





View, from steam end, of second 80,000-kw turbine-generator 
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1944 9-Year Average 1944 14 Months Average 
Boiler Turbine Plant Boiler Turbine Plant Boiler Turbine Plant Boiler Turbine Plant 
Use Factor: 
Service hours 88.1 88.1 88.1 89.4 89.3 89.3 90.4 90.3 90.3 88.5 90,0 90.0 
Period hours 
Hourly Output Capacity Factor: 
Avg hourly output 69.5 72.4 72.4 64.5 71.5 71.5 81.1 88.9 88.9 78.7 86.7 86.7 
Rated hourly output 
Annual Output Capacity: 
Annual output 61.2 63.8 63.8 57.8 63.9 63.9 73.4 80.3 80.3 70.0 78.0 78.0 
Annual rated output 
Annual Demand Factor: 
Demand hours 88.8 99.7 100.0 93.1 96.8 98.8 95.1 96.2 100.0 92.5 96.6 100.0 
Annual hours 
Demand Availability: 
Service hours 99.3 88.4 88.1 06.6 92.9 90.8 95.0 93.9 90.3 95.7 93.2 90.0 
Demand hours 
Annual Availability Factor: 
100 —- Repair hours 95.9 88.4 88.1 94.9 93.4 90.5 91.4 91.0 90.3 91.8 90.7 90.0 
Annual hours 
OUTPUT AND HEAT CONSUMPTION DATA OO} 
Heat Consumption, 200 L 
Btu per Kwhr PORT WASHINGTON HEAT CONSUMPTION -- BIU PER NET KWER 
Net Output, -_— - -—_——— 100 } 
Year Month Kwhr Gross Aux Net 13,000 L_ 
NO. 1 UNIT 
1944 Jan. 33,766,700 11,595 747 12,342 —T 
Feb. 30,199,800 11,589 750 12,339 800 }. 
Mar. 34,339,200 11,467 723 12,190 700 | 
Apr. 32,708,900 . 11,505 725 12,230 
May 32,612,900 11,59 751 12,345 600 }. 
June 3,079,000 11,519 1148 12,667 500 | 
July 24,808,900 10,255 615 10,870 
Aug. 48,523,800 10,136 565 10,701 400 } 
Sept. 45,682,500 10,156 564 10,720 300 | 
Oct. 45,991,500 10,224 584 10,808 
Nov. 42,960,600 10,368 606 10,974 200 F- 
Dec. 48,298,800 10,376 579 10,955 100 
12 Mo. 422,972,600 10,765 644 11,409 
1936-44, 108 Mo. 3,824,001,400 10,298 573 10,871 12,000 } 
1935-44, 111 Mo. 3,862,408,100 10,309 575 10,884 900 L 
NO. 2 UNIT eco L 
1944 Jan. 49,348,500 9,916 532 10,448 
Feb. 48,120,900 9,927 525 10,452 700 |. 
Mar. 52,056,200 9,967 508 i0,475 600 
Apr 49,943,800 10,050 510 10,560 500 
May 36,850,100 9,965 545 10,510 q 
June 46,072,000 9,813 525 10,338 400 12,4@ Ave 
July 51,793,300 10,078 535 10,613 500 
Aug. 48,966,900 10,046 530 10,576 ; av 
Sept. 40,670,500 10,003 537 10,540 200 a 
Oct. 39,978,900 9,926 527 10,453 100 
Nov. 47,696,100 9,900 518 10,418 
Dec. 24,447,000 10,088 639 10,727 11,000 
y oO. 435,944,000 9,970 531 10,501 900 
1943-44, 14 Mo. 607,205,000 9,989 534 10,523 ~ 
8 
STEAM AND KILOWATT OUTPUT DATA 200 H ' 
Output Boiler Turbine and Plant ’ g 
ssepiie 600 ~~ 
UNIT NO, 1 \ ™; 
Total 3,711,640,000 Ib steam 448,312,000 kwhr 500 10,766 Av. 10,729 Av. LN : 
Avg. 479,385 lb steam per hr 57,942 kw 400 10,770 Av. wy Y 
UNIT NO. 2 r 10,596 Av. 
Total 4,445,897,000 Ib steam 564,488,000 kwhr soc F. — 10,501 
Avg. 559,892 lb steam per hr 71,135 kw 200 ’ sts 
BOTH UNITS 
Total 8,157,537,000 Ib steam 1,012,800,000 kwhr 100} | 1936| 1957 | 1538 1999 | 1940 | 1942 | 1942 | 1945 [29 
10,00 aware ree eee eee eee eee ee 














OPERATING PERIODS AND REASONS FOR OUTAGES—1944 





Kwhr Outage 
Period Generated, -—--—- —-—- —---- - — -—- aN 
No. . Started Finished Hr Run Millions Hours Reason 
UNIT NO. 1 
63 12/27/43* 2/9/44 1,076.67 51.658 26.95 Leaking boiler tubes, No. 24 and No. 25 in 13th row above 
mud drum. Soot blower cutting. Forced outage 
64 2/10/44 5/29/44 2,616.03 125.824 1019.85 Re-blade low pressure cylinder and spindle. General in- 
spection of boiler and auxiliaries 
65 7/11/44 12/26/44t 4,044.50 270.830 
rotal 12/27/43 12/26/44 7,737.20 448.312 1046.80 
Total 11/22/35 12/26/44 71,395.78 1074.268 $355.22 
UNIT NO, 2 
5 12/27/43t 1/11/44 381.38 26.166 7.15 Defective 22 kv disconnect on bus side of main transformer 
bank. Delayed forced outage 
6 1/12/44 5/18/44 3,066.55 221.406 160.82 General inspection of boiler and turbine 
7 5/25/44 5/25/44 6.89 0.086 7.65 Defective assembly of reheater inlet pipe joint at turbine 
Forced outage 
8 5/26/44 5/27/44 38.65 2.546 46.17 Inspection of turbine governor worm gears by manufacturer 
Welded leak in radiant superheater, boiler 
9 5/29/44 7/28/44 1,443.23 105.084 48.00 Leaking reheater tubes, boiler 
10 7/30/44 0/20/44 1,248.20 90.912 262.88 General inspection of low-pressure turbine and boiler 
Work on front wall air ducts of boiler 
11 10/1/44 12/1/44 1,455.32 100.330 304.88 Blading failure, high-pressure turbine section. Rows 
59-60-61 stationary and rotating removed and baffle 
installed. Delayed forced outage 
12 12/14/44 12/16/44 65.70 3.322 11.00 High-pressure turbine horizontal joint sealing plug leakage 
13 12/17/44 12/26/44T 229.53 14.636 
lotal 12/27/43 12/26/44 7,935.45 564.488 848.55 
lotal 10/27/43 12/26/44 9,213.13 639.682 1023.40 


* This operating period starting 9/3/43. 
' Still in operation 
rhis operating period started 12/6/43. 


Numbering of periods corrected for continuity at year-ends. 
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per net kilowatt-hour which has confirmed anticipations. 
However, the higher loading of the newer unit did not 
permit development of the best economy of which it is 
capable, for its designed heat rate increases 3'/2 per cent 
when its load is advanced from 62,000 to 80,000 kw. 
The lowest monthly net heat consumption was 10,338 
Btu per kwhr. 

Magnetic couplings, driving the forced- and induced- 
draft fans have proved reliable as has also the hydrogen 
cooling of the generator. Early in the year frequent 
leaks of tube joints in the extraction heater were experi- 
enced but these have now practically ceased. Combus- 
tion has been improved by the installation of front-wall 
air-course baffles during outages for other reasons. At- 
tention is called to the fact that for Unit No. 2 the 
boiler availability has averaged 95.7 per cent since 





initial commercial operation—a period of 14 months. 

Unit No. 1 operated at reduced capacity during ap. 
proximately half of the year as a result of turbine-blade 
trouble and it will be noted that re-blading the low- 
pressure cylinder and spindle, together with time out 
for general inspection, accounted for an outage of nearly 
1020 hr. Thus, while the demand availability of the 
boiler was 99.3 per cent for the year, that of the whole 
unit was only 88.1 per cent. During the nine years’ 
operation to date, this boiler has had an average demand 
availability of 96.6 per cent. The unfavorable loading 
is reflected in increased heat consumption for this unit 
compared with the average of previous years. 

The accompanying heat consumption curve shows the 
economy of both units since the original starting, under 
all conditions of operation. 


““Controlled’’ Forced Circulation 


The following notes are intended to 
clarify some of the basic features of the 
‘‘controlled’® forced-circulation steam- 
generating unit which distinguish it from 
other forced-circulation designs. 


steam-generating unit that has been installed for 

large capacity and high pressures in this country, 
as well as in smaller units, both here and abroad. A 
schematic arrangement is here shown. Although de- 
scriptions of such installations have appeared in print 
from time to time, there still seem to be certain basic 
features that are not too well understood by some readers. 

In the first place, this type is not to be confused with 
those forced-circulation designs, mostly foreign, in which 
the water is not recirculated through the steam-generat- 
ing tubes and which do not employ drums. 

Circulation is controlled by means of orifices at the 
inlets to the parallel furnace-wall tube circuits, all selec- 
ted so as to provide necessary resistance for the desired 
distribution of flow. It is established by the use of a cir- 
culating pump, or pumps, in the downcomer circuit 
between the boiler drum and the entrance to the steam- 
generating tubes. That is, instead of relying upon ther- 
mal head to keep the water in contact with these sur- 
faces, the circulating pump assures a positive circulation 
through all circuits. While the steam drum is usually 
located above the highest point of steam generation, this 
is not necessary. Where space limitations render such 
location undesirable, the drum can be placed where con- 
venient. Thus, this type of unit is especially adapted to 
locations having restricted headroom, such as on ship- 
board or in certain land installations. Very low-head 
units can be provided with adequate and controlled 
circulation regardless of the operating pressure and it is 
immaterial whether the steam-generating tubes be 
vertical or horizontal in so far as concerns the circulation 
head. 


34 


| HIS term applies to a type of forced-circulation 


Confusion exists sometimes, among the less informed, 
as to the circulating pump. Although it operates against 
boiler pressure, the pump head is only the differential 
pressure necessary to overcome the resistance through 
the orifices and circuits less any thermal head available. 
Even in a high-pressure unit the head seldom exceeds 
about 40 to 50 psi. The circulating pump does not take 
the place of the boiler feed pump, or assist it in any way. 
It merely recirculates the water that is not evaporated in 
its passage through the steam-generating tubes and, in 
addition, handles the feedwater delivered to the drum 
to replace the steam evaporated. 

The circulating pump, which runs at constant speed 
regardless of load, handles water at a rate several times 


(Continued on page 43) 
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Schematic arrangement of controlled forced-circulation 
boiler 
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Coal Sizing Recommendations 


(Compiled by Combustion Engineering Company) 


Equipment 


Fuel 


Sizing 


Remarks 





Traveling Grate 


Traveling Grate 


Traveling Grate 


Traveling Grate 
and Chain Grate 


Spreader 


Underfeed Stokers: 
Multiple- Retort, 
Type E, Skelly 
and Low Ram 


Pulverizers 


Anthracite 


Anthracite 


Coke Breeze 


Mid-Western Bitumi- 
nous and Lignite 


Eastern Bituminous 
(Friable) 


Eastern Bituminous 
(Non-friable) and 
Mid-Western Bi- 
tuminous 


Eastern Bituminous 
(Friable) 


Eastern Bituminous 
(Non-friable) and 
Mid-Western Bi- 
tuminous 


Anthracite 


All Coals 


No.3 Buckwheat (barley) 

Allthrougha*/j.-in. round 
mesh and not more than 
20 per cent through a 
3/s0-in. round mesh 


No. 4 Buckwheat. 

All through a */3.-in. round 
mesh and not more than 
15 per cent through a 
3/s4-in. round mesh 


All through a °/;-in. round 
mesh and not more'than 
50 per cent nor less than 
25 per cent through a 
'/s-in. round mesh 


3/,-in. Nut and slack. 

Not more than 50 per cent 
slack through °/j-in. 
round mesh 


L'/,-in. Nut and slack. 

Not more than 50 per cent 
slack through 
round mesh 


3/,-in. Nut and slack. 

Not more than 50 per cent 
slack through 5/j,-in. 
round mesh 


2-in. Nut and slack. 
Not more than 50 per cent 
slack through 5/;.-in. 
round mesh 


1'/,-in. Nut and slack. 

Not more than 50 per cent 
slack through °/,.-in. 
round mesh 


No. 2 Buckwheat (rice). 

Allthrough a 5/;.-in. round 
mesh and not morethan 
15 per cent through a 
3/1s-in. round mesh 


3/,-in. Nut and slack 


5/1-in. 


(Standard anthracite 
sizing _ specifica- 
tions) 


(Standard anthracite 
sizing  specifica- 
tions) 


Should contain 8 to 
10 per cent moist- 
ure and not less 
than 2 per cent 
volatile matter. 
(See Note) 


Coal should be tem- 
pered to 15 per 
cent* moisture. 
(See Note) 


(See Note) 


(See Note) 


(For Multiple Retort 
—See Note) 


(For Multiple Retort 
—See Note) 


Norte: Fuel to be delivered across stoker hopper without segregation. 


* Certain western and mid-western coals (certain Iowa coals, for example) may require 20% moisture or more”for proper tempering. 
+ 
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T'S ONE THING to win skirmishes in 
y the endless war against high steam 
costs. It's quite another to find the win- 
ning tactics that rout fuel waste and high 
costs — that make them stay licked. 

That's exactly how numerous execu- 
tives—shrewd strategists—are winning 
on the boiler-room front: by utilizing 
Automatic Combustion Control. Hays 
Combustion Control electrically oper- 
ated, measures every combustion fac- 
tor, records every variation, instantly 
corrects those variations. It's simple, 


error-proof — AUTOMATIC. 
With plant capacities straining to 


meet war materiel needs, with new 
equipment barred, with man-power re- 
stricted, many plants have found Hays 
Combustion Control ideal and practical. 
It saves man-hours, works tirelessly, 24 
hours a day. . . gets the utmost effici- 
ency—cuts operating costs. 

Smart tactics: send now for the Hays 
Combustion Control Catalog full of use- 
ful steam-power data, ‘‘must’’ literature 
for industrial strategists. 


THE MODERN SYSTEM Jt Electrical 


THE HAYS CORPORATION 


tomatic COMBUSTION CONTROL 


« MICHIGAN CITY, IND. 
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Qualitative Determinations of Steam- 
Water Mixtures 


By T. RAVESE and C. G. R. HUMPHREYS 


Combustion Engineering Company, Inc. 


The feature of this heat-exchanger type 
of calorimeter, devised for determining the 
proportion of steam in steam-water mix- 
tures of boiler circuits, is that the sample 
does its own cooling and it is therefore 
necessary only to measure the tempera- 
tures at three points and apply these 
readings to a simple equation. 


mixtures in modern high-pressure boiler circuits 

are important parts of boiler circulation studies. 
Such measurements in heated tubes, in conjunction with 
tube velocity data, establish the overall heat absorption 
of the tube. The calorimeter here described was pri- 
marily designed to detect small amounts of steam in 
downcomers to furnace water-wall tubes, but it also has 
been used to measure the quality of steam-water mixtures 
in heated boiler tubes. 

The arrangement of this heat-exchanger type of cal- 
orimeter is shown schematically in Fig. 1, the assembly 
consisting of three double-pipe heat exchangers, each 
containing the heat-transfer surface represented by the 
dimensions given in the tabulation on Fig. 2. The heat 
exchangers are designated as primary, secondary and 
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Fig. 1—Diagram of flow circuits and heat-exchanger units 


tertiary units, and the flow circuits of the fluid sample and 
the cooling water are represented by the solid and broken 
lines and arrows, respectively, in Fig. 1. 

A continuous sample of the fluid, which is a mixture of 
water and steam, is withdrawn from the tube through a 
standard sampling nozzle and flows through the inner 
pipe of the primary unit. The sample gives up heat to 
water counterflowing at the same flow rate through the 
annular opening between the inner and the outer tubes 
of the heat exchanger. This cooling water is the con- 
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tinuous sample which has been sub-cooled by an external 
source of water in the secondary and tertiary units. 
Hence, weights of the mixture or the cooling water do 
not enter into the calculations. The heat-exchanger 
units operate at boiler pressure and the sample flow rate 
is controlled at the outlet end of the tertiary unit. The 
fluid sample is cooled to about 175 F, or less, at the dis- 
charge point. 
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Fig. 2—Details of primary heat exchanger 


Since the fluid-sampling and water-flow rates in the 
primary unit are the same, it is apparent that the initial 
quality of the fluid can be determined if the terminal 
temperatures 72, 7; and 7, are known and are less than 
the fluid saturation temperature, or 7}. 


Let 7; = temperature of the fluid entering the inner tube 

and h; its heat content, consistent units 

T; = temperature of the water leaving the inner tube 
and hz its heat content 

T; = temperature of the water entering the outer 
opening and h; its heat content 

T, = temperature of the water leaving the outer 
opening and /, its heat content. 


Then (hy = he) = (hy = hs) and hy = (hs eam hs) + he. 


The values of /2, hs and A, are readily determined from 
the liquid temperatures 72, T3, 74, because the calorimeter 
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operates at boiler pressure minus a negligible pressure 
loss. If h; is equal to, or less than, h, (the heat of the 
saturated liquid at the sampling location) then no steam 
is present in the fluid sample. Similarly, if 4, is greater 
than /, then h, — h, is the heat available for vaporization 
and the quality of the fluid is given by (4; — hy)/hy. 


Construction and Installation 


A working drawing of the heat-exchanger unit suitable 
for pressures up to 2000 psi is shown in Fig. 2. It is 
shown with thermometer, or thermocouple, inserts which 
are necessary only on the primary unit. Surface dimen- 
sions of the primary, secondary and tertiary units are 
given in Fig. 2. The heat-transfer surface consists of a 
section of 1/,-in. seamless steel pipe drawn inside of a 
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Fig. 3—Application to walls of large high-pressure boiler 


section of */,-in. seamless steel pipe, in the form of either 
loops or coils. These are bent to shape and fitted into a 
1%/,-in. steel square bar drilled as shown for the tube 
connections. The inner tube connections extend through 
the steel bar and the outer tube connections are made at 
right angles to the tube through two right-angle holes in 
the square bar. 

Each external connection of the primary heat ex- 
changer is fitted with a '/:-in. pipe tee which has a 
thermocouple well in the run of the tee. This well con- 
sists of a '/,-in. seamless steel tubing, 1/20 of an inch thick, 
socket-welded to a 1/2-in. plug containing a */32-in. drill 
hole. The tubing length should be sufficient so that the 
lower portion will extend into the fluid stream at the side 
outlet of the tee. A detail of the thermocouple well is 
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shown at the lower left in Fig. 2. Duplex glass-insulateq 
No. 24 Awg calibrated iron constantan thermocouple js 
used for the temperature measurements. 

The fluid sample connection to the primary heat ex. 
changer must be of ample size, flexible, and its length a 
minimum. This is necessary to minimize the pressure 
loss and radiation and also to allow for movement of the 
boiler tube or downcomer. The secondary and tertiary 
units are mounted at any convenient location as they are 
not involved in the measurements. The fluid sampling 
lead, and the primary unit, are carefully insulated with 
“Hi-temp”’ insulating cement. A needle control valve is 
provided at the outlet of the heat exchanger to regulate 
the fluid sampling rate. A pressure gage is mounted at 
the cooling water inlet to the tertiary heat exchanger and 
a thermometer is inserted at the cooling-water outlet for 
proper regulation of the cooling-water supply. 


Operation and Test Results 


The heat-exchanger unit must be in service about 
forty-five minutes before taking calorimeter data. Dur- 
ing this time the cooling-water inlet pressure is main- 
tained constant and the fluid sample needle valve ad- 
justed for a flow of about 250 lb per hr. The terminal 
temperatures of the primary heat exchanger are observed 
with a semi-precision potentiometer. These measure- 
ments are repeated until several duplicate sets of tem- 
peratures are obtained. The boiler operating conditions 
should be constant during the measurements and a record 
made of the boiler rating, fluid pressure, feedwater tem- 
perature and drum water level. 

A typical set of observed data and calculations for 
downcomer fluid samples is given in Table 1 for a boiler 
operating at 1400 psi. 


TABLE 1 

Boiler steam flow, M lb per hr 477 475 475 480 
Pressure gage reading, fluid sampling 

point, psi 1425 1395 1420 1400 
Feedwater flow, M Ib per hr 485 485 485 495 
Feedwater temp., inlet to econ., F 418 410 410 400 
Feedwater temp., outlet of econ., F 510 508 510 503 
Drum water level, inches below 

centerline drum 12 12 12 11'/s 
Downtake sampling location, No. 1 2 3 4 
Primary heat-exchanger temperatures i 

Ti, F 6 587 589.5 588.5 

T2, F 516 524 526.5 521 

Ta, F 354.5 367 375.5 365.5 

Ta, F 261 289 296 279 
Heat content, Btu per lb 

if 602 598 602 601 

hi 603 596 601 602 

he 7 516 519 513 

ha 329 341 350 340 

3 233 261 268 251 

hi — ly 1 —2 -1 y 

hyo 570 575 570 574 
Steam quality, fluid, per cent by 

weight 0.18 0.00 0.00 0.17 


The above data indicate that fluid samples from loca- 
tions 1 and 4 contained a trace of steam. 

It is noted that the fluid temperature 7; is less than the 
saturation temperature obtained from the pressure gage 
readings (locations 1 and 4). This should not be disturb- 
ing as the accuracy of the pressure gages was doubtful. 
Furthermore, the gages were graduated in 25-lb divisions 
and 10 lb is equivalent to one degree at 1400 psi pressure. 

Fig. 3 represents test equipment located on a wall tube 
in a boiler operating at 1350 psi, 925 F steam tempera- 
ture, rated at 615,000 lb of steam per hour normal capac- 
ity. 

A short, 3-in. O.D. finned wall tube was equipped with 
a pitot tube of the type described in COMBUSTION, 
October 1944, p. 43. This pitot tube, located below the 
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furnace floor, measured velocity of entering water before 
any steam was generated in the wall tube. 

About 15 feet along the tube there was a chromel- 
alumel thermocouple of rugged construction, as described 
in COMBUSTION, December 1944, p. 53. This couple 
measured the wall tube’s surface temperature at this 
point. 

Situated near the upper header and just outside the 
furnace was a standard A.S.M.E. Steam Sampling Nozzle 
connecting to a heat-exchanger type calorimeter as here 
described. 

Fig. 4 is a graphic record of this wall tube’s function 
before, during and after a period of furnace deslagging. 
After prolonged operation at 580,000 Ib of steam per 
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Fig. 4—Graphic summary of observed data 


hour at 930 F steam temperature, the boiler was taken 
off the line, held off for 1'/, hr and then returned to serv- 
ice with clean furnace walls. The wall temperature 
changed from a moderate condition, indicative of some 
slag coating of tubes, to a temperature higher by 100 deg 
F when the walls were clean. The entering velocity re- 
mained fairly stationary before and after deslagging, and 
the occasional spurts upward from zero, at 10:50 to 11:30 


TABLE 2 

Elapsed time (see Fig. 4), hr 0 3 42/3 6 
Boiler steam flow, M Ib per hr 570 0 220 620 
Pressure gage reading, fluid sampling 

point, psi 1325 1275 1215 1350 
Primary heat exchanger temperatures 

Ti, F 580 574 568 581 

T:, F 429 386 410 416 

Ts, F 338 317 329 359 

T;, F 118 102 113 96 
Heat content, Btu per Ib 

hy 589 581 573 590 

h 631 587 608 662 

h 407 366 2387 393 

hy 310 291 302 333 

hy 86 70 81 61 

hi — hg 42 6 35 72 
_ hfe 594 604 615 590 
Steam quality, fluid, per cent by weight via 1.0 5.7 12.2 
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coincided with intermittent gas or coal firing before the 
boiler came back on the line. The quality of the mixture 
leaving the tube, the chief objective here, is comparable 
with falling and rising boiler rating. 

Fig. 4 is a graphic summary of some observed data and 
Table 2 gives all necessary readings and calculated quali- 
ties at four test points. 

In ComBustTIon, May 1941, p. 51, there was an article 
on ‘‘The Flashing Calorimeter’? by A. A. Markson and 
Y. A. Olson. This instrument is referred to as a check 
or alternate method of measuring steam quality. 





EQUIPMENT SALES 


as reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census 





Boiler Sales 
Stationary Power Boilers 
1944 1943 1944 1943 
Water Tube Water Tube Fire Tube Fire Tube 

No. Sq Ft* No. Sq Ft* No. SqFt No. Sq Ft 

Jan... . 86 226,537 ll 64,189 24 31,701 16 18,888 

es ceace. a 256,942 32 164,800 28 43,341 237 146,834 

Mar. s = 229,121 31 147,937 44 53,893 16 24,293 

Apr. — 448,646 95 361,746 50 68,430 21 32,392 

May a 74 392,347 127 683,052 49 66,722 9 14,106 

June.. 65 286,486 163 679,306 70 92,621 25 41,073 

July... 78 457,442 31 222,253 56 67,126 18 9,549 

Aug... 113 448,161 51 311,448 52 69,832 30 38,797 

Sept.. 123 532,895 40 145,587 52 68,783 33 40,599 

Gacssesc 119 603,687 103 301,574 65 79,289 26 34,542 

Bes ececs 138 490,233 2 273,488 68 2,182 13 19,470 
Jan.—Nov 

ae 912 4,372,497 736 3,355,380 558 723,920 444 609,551 


* Includes water wall heating surface. 
Total steam generating capacity of water tube boilers sold in the period 
Jan. to Nov. (incl.), 1944, 33,454,000 Ib per hr; in 1943, 32,097,000 Ib per hr. 


Marine Boiler Sales 


1944 1943 1944 1943 
Water Tube Water Tube Scotch Scotch 
No. Sq Ft* No. Sq Ft* No. Sq Ft No. Sq Ft 
Jan... . 49 273,879 597 2,185,483 - - 1 1,080 
Feb ‘ 96 507,658 31 102,404 30 9,000 - 
Biceces” Ue 226,166 156 430,841 38 9,700 1 2,565 
Bs ceca ce 44 209,906 19 85,244 48 14,405 2 5,130 
May.. oe, 443,130 594 4,985,280 37 11,100 3 6,401 
June : 193 1,003,435 895 4,241,507 32 13,100 1 2,565 
Meicscvcs San 390,964 386 1,852,389 22 8,120 1 2,565 
Bs 2.0 es 182 811,978 729 3,320,329 26 11,983 4 7,730 
er 14 23,768 74 321,124 22 9,781 2 5,130 
Oct. sae ae 67,560 39 166,373 36 16,085 2 5,130 
BS ccuw ee 19 164,458 S4 343,595 23 11,262 1 988 
an ’ 
J incl...... 926 4,122,902 3,604 18,034,569 314 114,536 18 39,284 


* Includes water wall heating surface. ’ ’ 
Total steam generating capacity of water tube boilers sold in the period 
Jan. to Nov. (incl.), 1944, 51,875,000 Ib per hr; in 1943, 180,824,000 Ib per hr. 





tMechanical Stoker Sales 
1944 1943 1944 1943 
Water Tube Water Tube Fire Tube Fire Tube 
No. Hp No. Hp No. Hp No. Hp 
. Se 35 13,982 131 46,948 147 20,761 457 31,623 
Feb....... 35 18,437 106 34,685 156 22,495 575 83,673 
Mar..... 56 20,128 114 48,367 142 5,660 571 77,729 
Apr. a 58 21,680 96 32,251 153 21,923 432 64,022 
May P 54 20,920 96 39,640 222 30,457 414 57,889 
Jume...... 57 21,055 118 61,415 290 35,592 296 49,760 
, Se 80 28,543 98 50,992 287 41,550 379 52,680 
. ee 115 35,077 68 31,377 358 48,532 446 62,732 
Cece cceus 110 34,586 49 18,911 291 35,868 446 35,496 
a ‘ 90 29,926 159 53,382 322 43,722 391 54,477 
ee 120 33,489 57 =21,619 242 29,799 247 33,495 
Jan.-—Nov. : ae 
incl..... 810 277,823 1,092 439,587 2,610 336,359 4,654 622,778 
+t Capacity over 200 Ib of coal per hour. 
39 
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CROSBY PRESSURE RECORDERS are used in power stations, process 
plants, refineries, textile mills—wherever a permanent record of pressure is de- 
sired—wherever accuracy, sensitivity and dependable operation are demanded. 


Furnished in 10" and 12" chart sizes, for recording up to four pressures on same chart. 
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Silica Deposition in Steam Turbines 


By F. G. STRAUB and H. A. GRABOWSKI 








Laboratory and power-plant tests have 
been conducted to determine the cause of 
silica deposition in steam turbines. The 
tests indicate that the silica leaves the 
boiler as vaporized silicic acid which later 
crystallizes on the blades in the lower pres- 
sure stages of the turbine. When the 
silica in the steam is below 0.1 ppm, no 
appreciable deposits are found in the tur- 
bines. Two methods of preventing de- 
posits are suggested; (1) maintain the 
silica in the boiler water below 5 ppm; (2) 
remove the silica from the steam by scrub- 
bing with a pure grade water. 


N recent years almost parallel with the increase in 

steam pressures, a new type of deposit appears to be 

forming in steam turbines. When the upper steam 
pressures were about 600 psi, the deposits which formed 
were water soluble and could readily be removed by a 
water wash. The average type of deposit was mainly 
the sodium salts such as chlorides, sulphates and silicates 
together with sodium hydroxide. 

With increase of steam pressures to around 1400 psi 
and the installation of topping turbines, the type of de- 
posit formed in the high-pressure end of the topping 
turbine is similar to older types and is water soluble. 
However, at the low-pressure end of the topping unit and 
in the low-pressure machines, a deposit insoluble in water 
is formed. This deposit consists mainly of silica (SiOz) 
in its various crystalline forms. It may be removed by 
mechanical cleaning or by washing with sodium hy- 
droxide. 

It has been rather difficult to give a logical explanation 
of how the silica present in the boiler water as sodium 
silicate is transported through the high-pressure turbine 
and deposited on the low-pressure machines as a crystal- 
line silica. Splittgerber' presented experimental data 
which showed that silica could be vaporized from silicic 
acid in appreciable amounts at 100 atm steam pressure. 
These results showed that the silica in the steam in- 
creased with increasing silica concentration in the boiler 
water. As the pressure increased, the silica in the steam 
increased. The addition of NaCl, Na,SO,, NaOH and 
Na3PQ, to the boiler water caused the silica in the steam 
to decrease. The values given by Splittgerber were not 
readily correlated with data available from boiler opera- 
tion. 


*Excerpts from a paper before the 1944 A.S.M.E. Annual Meeting and based 


on data from research conducted at the University of Illinois in cooperation 
with the Utilities Research Commission of Chicago. 

‘“The Volatility of Silicic Acid,’’ by A. Splittgerber, Archiv. fur Warme- 
wirtschaft, vol. 22, 1941. 
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Engineering Experiment Station, University of Illinois 


If this work of Splittgerber could be carried further 
and additional data collected as to the feasibility of silica 
leaving the boiler as vaporized silicic acid, a logical ex- 
planation would be available to account for the deposi- 
tion of the silica crystals in the low-pressure turbines. 
If silicic acid has an appreciable vapor pressure at higher 
steam pressures, the sodium silicate in the boiler would 
hydrolyze, and silicic acid would be present in the steam 
in amounts depending upon the mol concentration of the 
silicic acid in the boiler water and the vapor pressure of 
silicic acid at that temperature. Since the concentration 
in boiler water of the silicates is very low, the amount in 
the steam would be much lower than that corresponding 
to the true vapor pressure of silicic acid. When super- 
heated steam containing this amount of silicic acid is 
dropped in pressure and temperature, a point will be 
reached where the silicic acid in the steam becomes 
greater than the amount corresponding to the vapor 
pressure of solid silicic acid. When this point is reached, 
the silicic acid in the steam will leave the superheated 
steam and deposit as a hydrated-silica deposit. If the 
steam reaches the saturation point before this occurs, the 
silicic acid being slightly soluble in water will be dissolved 
in the condensate and no deposit will form. 

Since this appeared to be a logical approach to this 
problem, laboratory work parallel with power-plant tests 
was inaugurated in order to see if Splittgerber’s method of 
approach was applicable to the problem of silica blade 
deposits. The laboratory work was conducted along 
two lines as follows: 

1. The relationship between silica in the steam and 
silica in the boiler water at various pressures. 

2. The relationship between solid silicic acid and the 
silica in the steam at various pressures and temperatures. 

The power-plant tests were conducted to find the 
following: 

1. The relationship between the silica in the steam 
and silica in the boiler water. 

2. The changes occurring in the silica in the steam as 
it passed through the turbines. 

The silica in the steam cannot be considered as being 
mechanically carried into the steam as the soluble silicate 
occurring in the boiler water. If it were being mechani- 
cally carried, the salts in the steam entering the super- 
heater should be present in the same relative proportions 
as they are in the boiler water. Thus, with a total dis- 
solved-solids content of 500 ppm and SiO, 30 ppm in the 
boiler water, a steam having 0.30 ppm of SiO, should 
have 5 ppm of soluble solids present, if the silica were 
present as a mechanical carry-over from the boiler water. 
Since the total solids in the average steam, as indicated 
by conductance measurements and evaporation tests, are 
well below 1 ppm, the presence of such a large percentage 
of silica would indicate that there was a selective concen- 
tration of silica in the steam. 

If the silica were being vaporized as silicic acid, such 
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concentrations could occur in the absence of mechanical 
carry-over. In order to obtain data as to the possibility 
of such vaporization, tests were started using a high- 
pressure laboratory boiler, designed so as to prevent any 
mechanical entrainment of boiler water in the steam. 
It also prevented any condensation of steam prior to 
leaving the boiler and thus gave a representative sample 
of the steam in equilibrium with the boiler water. 


Discussion of Laboratory Tests 


The laboratory tests showed that sodium silicate in 
boiler water at steam pressures above 700 psi will liberate 
silica, presumably as silicic acid, in appreciable amounts 
without mechanical entrainment of boiler water. This 
amount increases rapidly with pressure increase. It also 
increases as the pH value of the boiler water is decreased. 

When superheated steam is passed over solid silicic acid 
at various pressures and temperatures, definite amounts 
of silica are present in the steam corresponding to the 
temperature and pressure. No silica occurs in the super- 
heated steam when it is passed over solid sodium silicate 
(NaO-SiO2-5H20 before being superheated). 

These results indicate that solid silicic acid has an 
appreciable vapor pressure at temperatures above 400 F. 
When the silica is present in solution in the boiler water 
as sodium silicate, the mol concentration of the silicic 
acid is very low, consequently, the vapor pressure over 
the solution does not become appreciable until pressures 
around 1200 psi are reached. The vapor pressure of the 
silicic acid over the boiler water will be low due to the 
small mol concentration and the high pH value of the 
boiler water. Thus, the concentration in the steam will 
be much lower than that corresponding to the true vapor 
pressure of the solid silicic acid at the higher temperature 
and pressure in the superheater and the higher pressure 
end of the turbine. However, as the temperature and 
pressure of the steam drop, as it passes through the tur- 
bine, a point will be reached where the silicic-acid con- 

centration in the steam becomes greater than the silicic- 
acid content corresponding to the vapor pressure over 
solid silicic acid. When this occurs, silicic acid will de- 
posit. Thus, the higher the silica content of the steam 
leaving the boiler, the higher up in the turbine the de- 
posits will start forming, and the greater the amount of 
deposit which will form in the turbine. If the silica in 
the boiler water is kept below certain values, the deposit 
forming in the turbines should be negligible. 


Power-Plant Tests 


Studies were made in three power plants having boilers 
operating around 1250 psi to determine the ratio between 
the silica in the steam and that in the boiler water. All 
three of these plants use evaporator makeup, have phos- 
phate treatment, and use fresh water for surface con- 
densers. 

In plant A, the pH value of the boiler water was be- 
tween 10.9and 11.1. Daily analyses for silica were made 
on the superheated steam from each of the three boilers 
and on the combined steam from the main header. 
Silica was also determined in the boiler water from each 
boiler. 

The silica in the boiler water averaged 8 ppm with a 
minimum of 4 ppm and a maximum of 13 ppm. The 
silica in the steam averaged 0.05 ppm with a minimum of 
0.02 ppm, and a maximum of 0.10. 
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The ratio of the silica in the steam to that in the boiler 
water was between 0.5 and 0.8 per cent. The specific 
conductance of the degassed steam was about 1 micro. 
mho. 

In plant B, the pH value of the boiler water was be- 
tween 10.7 and 11.2. Daily analyses for silica were 
made in a similar manner to plant A. 

The silica in the boiler water averaged 9 ppm with a 
minimum of 5 ppm, and a maximum of 14 ppm. The 
silica in the steam averaged 0.05 ppm with a minimum of 
0.03 ppm, and a maximum of 0.10 ppm. The ratio of the 
silica in the steam to that in the boiler water was between 
0.5 and 0.7 per cent. The specific conductance of the 
degassed steam was about 1.2 micromho. 

In plant C when the pH value of the boiler water was 
between 11.0 and 11.3, the silica in the steam was be- 
tween 0.01 and 0.05 ppm. The boiler water had a silica 
content between 2and5 ppm. This gave a ratio of silica 
in the steam to that in the boiler water around 0.8 per 
cent with a maximum of 1 per cent. 

In plants A and B, no data are available on the silica 
content of the low-pressure steam or the condensate. 
This was due to the fact that the deposits forming on the 
low-pressure units were of a small order of magnitude. 
Thus, in plant B, the low-pressure unit at the end of 2 
years when examined on scheduled outage showed a 
small amount of deposit. However, this soft and easily 
removed deposit was forming in the temperature range 
from 400 to 250 F. It contained from 30 to 71 per cent 
SiO. The silica was present as cristobalite and chalced- 
ony, both crystalline forms of silica. The rest of the 
deposits consisted mainly of iron oxides (red and black). 

In plant C, prior to the time when the values reported 
were obtained, much difficulty was experienced with tur- 
bine-blade deposits in the low-pressure units. At the 
time these deposits were forming the silica content of the 
boiler water varied between 10 and 40 ppm. The silica 
in the steam leaving the boilers varied between 0.1 and 
0.4. The steam condensate from the low-pressure 
machines contained about 0.1 to 0.2 ppm SiO:. This 
showed a loss of up to 0.2 ppm SiO, in the steam passing 
through the low-pressure units, a definite indication of 
silica deposition in the units. At the same time, the 
stage pressures indicated deposits were forming. When 
the conditions of operation were changed so that the 
silica in the boiler water was kept below 5 ppm, the silica 
in the high-pressure steam was the same as that in the 
condensate from the low-pressure units. This indicated 
no silica deposition in the units. At the same time, the 
stage pressures showed no indications of deposits forming. 

From the study made in this plant, it was concluded 
that, when the silica in the steam became higher than 0.1 
ppm, there was a probability that deposits would form 
in the low-pressure turbines. When this value has been 
kept below 0.05 ppm, the units have operated over 11/2 
years with no indications of deposits forming. 

During these plant tests, it was noticed that the silica 
content of the boiler water in plants A, B and C (during 
the days of higher silica content) increased whenever the 
boilers came on the header after being on bank. At the 
same time the silica content of the steam also increased. 
These values returned to average shortly after the boiler 
was in normal operation. This appears to be connected 
with so-called ‘‘hideout.” 
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Prevention of Silica Blade Deposits 


The plant tests indicated that when the silica in the 
boiler water is kept below 5 ppm and the pH of the boiler 
water around 11, no appreciable silica deposits form in 
the turbines. When the silica in the steam becomes 
greater than 0.1 ppm deposits will form. 

This indicates that, in order to prevent this type of 
deposit, it is essential that the silica in the steam be kept 
very low. This may be accomplished either by keeping 
the silica in the boiler water very low or by removing it 
from the steam before superheating. 

Studies have been made in the laboratory relative to 
reducing the soluble silica in the boiler water by the addi- 
tion of chemicals which will precipitate the silica as an 
insoluble sludge. 

Steam was passed through the solution in a bomb, the 
procedure being to add sodium silicate and.NaOH to get 
the desired silica and pH value of the solution in the 
bomb. Known amounts of MgSO,-7H.O (Epsom salts) 
were put in solution and pumped into the bomb. The 
steam and a sample of the bomb solution were then an- 
alyzed. This procedure was followed until a constant low 
value for silica was reached. The addition of the mag- 
nesium reduced the soluble silica from 82.5 ppm to around 
2ppm. Since Epsom salts is acidic, it was necessary to 
add an equivalent amount of sodium hydroxide in order 
to maintain the desired pH value. The soluble silica re- 
mained around 2 ppm even after an excess of magnesium 
salt had been added. These results indicate that it is 
possible to reduce the soluble silica to around 2 ppm by 
the addition of magnesium and that the silica is retained 
in the sludge. 

Since the concentration of the silica in the steam is a 
function of the silica concentration of the solution in con- 
tact with the steam, the silica in the steam could be re- 
duced to a low value by bringing the saturated steam in 
contact with a water having a very low silica content. 
This would involve the scrubbing of the saturated steam 
with a fairly pure water low in silica. Such a procedure 
should also reduce mechanically entrained boiler water to 
a low value and stop soluble as well as insoluble deposits. 





‘*Controlled’’ Forced Circulation 
(Continued from page 34) 


the rate of steam generation, this rate depending upon 
the circulation ratio for which the unit is designed. The 
circulation ratio is defined as the ratio of the weight rate 
of water fed to the steam-generating tubes to that of 
steam generation. It is customary to design for a ratio 
of three to five at maximum load. 

Because of the orifice features mentioned, it is a simple 
matter to design for different circulation ratios in dif- 
ferent parts of the unit, as conditions dictate. For in- 
Stance, furnace-wall tubes which are subjected to high 
and variable rates of radiant heat absorption, as dis- 
tinguished from convection-generating surface in con- 
tact with cooler gases, will require a higher circulation 
ratio. Moreover, adjustment of the orifices in the field 
affords a ready means of changing the circulation ratios 
in individual circuits where necessary. 

In the Combustion Engineering Controlled Forced- 
Circulation boiler, the circuits comprising the steam- 
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generating surface may be individual tubes, or elements 
made up of two or three tubes joined into a single tube 
at the inlet end. An element comprising two tubes in 
parallel is designated as bifurcated and one comprising 
three tubes in parallel as trifurcated. ; 

Use of orifices in conjunction with forced circulation 
permits a control of water distribution that is not pos- 
sible with natural circulation and makes it possible to 
design a forced-circulation unit to operate with a lower 
circulation ratio than a natural-circulation boiler. 


Advantages of Small Tubes 


The head available for circulation in a natural-circula- 
tion boiler is that created by the difference between the 
density of the fluid in the down-flow and that in the up- 
flow circuits, minus the loss of head caused by fluid 
friction, turbulence and acceleratien. If too much head 
is used up in fluid friction and turbulence, that available 
for circulation will be insufficient and the circulation 
ratio will be low. This explains why smaller tubes can 
be employed in a forced-circulation boiler, particularly 
where the additional head required to overcome fluid 
friction and turbulence and maintain required velocities 
is supplied by the circulating pump. For the same 
reason a small orifice, involving a relatively high pressure 
drop can be employed in each parallel circuit without the 
operating head of the circulating pump exceeding 40 to 
50 psi. 

One advantage of being able to employ small di- 
ameter tubes is that they are thin-walled; hence result 
in less temperature drop through the wall and lower hot- 
face temperature. Also, with small furnace tubes in a 
forced-circulation boiler higher fluid velocity is obtained 
than with large tubes, for the same circulation ratio; 
or, conversely, the same velocity could be maintained 
with a lower circulation ratio for small tubes. They are 
more flexible; there is saving in weight over larger tubes; 
and they can be more readily bent to fit around burners, 
soot blowers, doors, etc. Furthermore, inasmuch as 
the small tubes can be readily forged to form bifurcates 
or trifurcates, one orifice may be used to serve two or 
three tubes and the number of connections to distributing 
headers is reduced. This, in turn, reduces the number 
of orifices, strainers and closure plugs, and simplifies 
header construction. 


TVA Report 


In the annual report of the Tennessee Valley Authority 
for the fiscal year ending June 30, 1944, a total output 
of over 10 billion kilowatt-hour sales were shown, repre- 
senting a gross return of more than 35 million dollars. 
The net profit reported amounted to approximately 14 
million dollars, after deducting operating expense, de- 
preciation, and payments to numerous states, counties 
and municipalities in lieu of taxes, but without charging 
interest on the 395 million dollars expended on TVA 
power facilities to date. 

Additions to installed capacity during the fiscal year 
were 254,000 kw which brought the total capacity of the 
system up to nearly 2 million kilowatts. 

The increase in load of 8 per cent over that of the pre- 
ceding year was largely due to demand for power for war 
production, which accounted for about three-fourths of 
the total output for this period. 
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Solution to 


Coal Dust Control: 
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Aclean, bright, ‘‘eat-off-the-floor’’ boiler room, free of dust-clogged equipment can’t 
be maintained where coal dust is constantly sifting out on floors and walls. The 
ruggedly dependable S.E.Co. Coal Scale is built to lick this dust problem for you! 
Its frame is dust-tight, the beams, pivots and loops are enclosed in a dust-proof case 
and the scale doors are equipped with positive dust seals. Thus, not only the scale, 
but all the equipment in your boiler room is kept dust free for efficient operation. 
We’ll forward complete information on S.E.Co. Coal Scales at your request. Address 
inquiries to The Stock Engineering Co., 713 Hanna Bldg., Cleveland 15, Ohio. 


“ENGINEERING CO. S.E.Co. Coal Valves and Coal Scales, CONICAL Non- -Segregating Coal Distributors 
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A COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQ 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTI 
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Selection of Traveling Crane 
Equipment 


OLLOWING are excerpts from a paper 
F by R. J. Wadd and F. M. Blum, of Har- 
nischfeger Corp. at the recent Materials 
Handling Machinery Manufacturers Con- 
ference held at the Westinghouse Works, 
East Pittsburgh. The paper dealt with 
several classes of cranes for different 
services, but reference here will be made 
only to those for power-house duty in 
which the principal requirements are slow 
speed, occasional use, long life and two to 
five full-load lifts per hour. 

Suggested operating speeds for such 
service are as follows: 


Hoist Trolley Bridge 


Capacity Speed Speed Speed 


* Double trolley crane. 


Motors 


All d-c motors should be totally enclosed 
and be series wound. They should be 
provided with anti-friction bearings and 
have a large diameter shaft with a tapered 
end on which is mounted the brake wheel. 

Where alternating current is employed, 
slip-ring or wound-rotor motors are 
generally used, since the squirrel-cage 
type does not provide good speed regu- 
lation. As in the case of the d-c motor 
it should employ grease-lubricated anti- 
friction bearings and have a tapered shaft 
extension for easy removal of the brake 
wheel. The stator laminations and wind- 
ings should be well anchored so that they 
cannot work loose under the reversals 
of service to which the motor is subject. 
It is also essential that the rotor be well 
balanced and that brushes and slip-rings 
be of high quality bronze, to prevent pit- 
ting under plugging service. 

Wound-rotor induction motors, as 
usually applied to overhead traveling 
cranes, are built with the open type rated 
30 min, 50 deg; the enclosed type rated 
30 min, 55 deg; and the totally enclosed, 
fan-cooled type rated 1 hr, 55 deg. While 
the open motor is cheaper, the totally 
enclosed type will offset the difference 
ae less maintenance and prolonged 

e. 

When selecting a hoist motor, thought 
must be given to the length of the lift. 
If this is great a 30-min rated motor must 
be selected rather than one of 15-min 
tating. 

Bridge and trolley motors are selected 
on the basis of determining the running 
horsepower required. Allowance must be 
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made for rolling and flange friction, condi- 
tion of the track and acceleration. 

Speed regulation of power-house cranes 
is very essential and the proper selection 
of motors is equally as important as the 
selection of control. 


Brakes 


Various types of brakes are used on 
overhead traveling cranes, such as a-c, 
d-c, electric-magnet brakes, hydraulically 
or mechanically operated foot brakes, 
constant drag brakes and combination 
electric-hydraulic brakes. Selection is 
dependent upon the class of crane (as to 
service), the horsepower of the motor and 
the type of control employed. In general, 
all brakes must possess one inherent 
characteristic; they must be able to stop 
the motion of the crane under all weather 
and service conditions, within its rated 
capacity. Direct-current operated brakes 
equipped with series-wound coils should 
release at 40 per cent of the rated current 
of the hoist motor, and alternating-current 
brakes at 80 per cent. When selecting 
brakes for the hoist motion of the cranes 
for service such as in a power plant they 
should be chosen on the basis of 150 per 
cent torque of the nameplate rating of the 
hoist motor, when used in conjunction 
with d-c dynamic lowering control as 
well as a-c operated cranes equipped 
with a mechanical load brake. 

The control situation must also be taken 
into consideration. For instance, with a 
large capacity power-house crane, where 
exact inching of the loads is necessary, a 
brake with quick response in setting and 
releasing is required. This precludes cer- 
tain types of operating mechanism on the 
a-c brakes. While the a-c solenoid is the 
fastest acting of any means so far pre- 
sented, it has limited application to an 
electric brake, since the pull of the solenoid 
and its stroke is a determining factor of 
the maximum torque rating of the brake. 
Consequently, on heavy capacity power- 
house cranes, requiring large torque rated 
brakes it may be necessary to resort to 
two brakes in parallel in order to obtain 
the necessary torque rating. In such cases 
it is customary to mount one brake on the 
motor extension shaft and the other on 
either the motor coupling or the motor- 
coupling extension shaft. This permits 
the two brakes to be of the same size and 
torque rating, thus duplicating parts and 
minimizing spares. 

Selection of the proper brake for the 
bridge drive can be made on the basis of 
a brake to provide at least 150 per cent 
retarding torque, based on the rated torque 
of the motor. Too large a bridge brake 
would be detrimental to the operation of 
the crane, as would also too small a brake. 
Modern practice dictates the use of an 
hydraulically operated brake for this 
purpose, rather than a mechanically 
operated brake which, because of its long 


. linkage and drag-link connections will 


require close attention, both as to lubrica- 
tion and maintenance. 


The trolley motion for roller-bearing 
cranes should be equipped with a 50- 
per cent torque brake. Experience has 
shown that a 50-per cent torque brake of 
either the electric or constant-drag type 
will provide a gradual stopping action of 
the trolley under average load conditions 
within the rated capacity of the crane 
without undue swinging of the load. 


Limit Switches 


It must be remembered that the limit 
switch for the hoist motion of a crane is 
a safety device, and is not to be used as a 
constant stopping device for the upper 
travel. Selection is determined by the 
classification of the cranes, the hoisting 
speed and length of lift. A requisite of a 
good limit switch is that it be positive in 
action, its contacts must not freeze, and 
it must reset automatically upon lowering 
of the hook block. 


Control 


The selection of proper control for an 
overhead traveling crane requires more 
judgment based on experience than that 
of any other part of the crane. Among the 
requisites are good speed-regulating 
properties, a minimum of five steps of 
speed regulation, accessibility, ease of 
operation and ample protection against 
shorts and grounds. Moreover, it should 
be so mounted in the crane cab as not to 
obstruct the vision of the operator. The 
three fundamental types of control are 
manual, semi-magnetic and full magnetic 
for both a-c and d-c operation. Many 
users are now demanding full magnetic 
control which involves a higher initial 
cost but has the advantage of lower main- 
tenance and greater ease of operation. 
However, where the manual type is se- 
lected for such service as in power houses, 
it is preferable that either the face-plate 
type or the drum type be used, providing 
the horsepower requirement for such con- 
trol falls within the limiting factors. 
These factors are as follows: for d-c 
dynamic lowering hoist controllers, a 
maximum of 15 hp at 230 volts dc; for 
reversing service, such as is used on bridge 
and trolley drives, 40 hp at 230 volts dc; 
and for a-c reversing service, for hoist 
bridge and trolley motions, the hoist 
motion being used in conjunction with a 
mechanical load brake, 49 hp at 220 volts 
ac. If the horsepower requirements are 
beyond these limitations a semi-magnetic 
type of control should be used. The 
limiting factors in this case are 40 hp for 
hoist dynamic lowering service at 230 
volts dc, and 50 hp reversing service for 
bridge and trolley travel at 230 volts dc. 
For alternating-current operation the 
semi-magnetic control is recommended up 
to 75 hp with either 220 or 440 volts for 
reversing service of hoist, bridge or trolley 
motion. For heavy duty the full mag- 
netic type of control is recommended. 

Variations from the foregoing are 
numerous. For instance, standby duty 
crane service for a power-house installa- 
tion necessitates a very long lift, and with 
slow hoisting speeds, due consideration 
must be given to the adequacy of the 
mechanical load brake, as well as the 
proper selection of both motor and control 
equipment. It is also possible that a 
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crane for such service might be equipped 


1 with pendant rope, or selective push. 
button control for floor operation w here 
| operation is so infrequent as not to war. 
rant a crane operator in the cab. 
e e@ °® b u f New Regulations Cover Special 


Purpose Coals 


Because of the increasing need for 

' military supplies and materials, Solid Fuels 

Administrator Ickes has announced that 

: distribution of ‘‘special purpose’’ bity- 

: : minous coal will be controlled to assure 


adequate supplies for essential war pro. 
duction industries in the 1945-1946 fue] 
year which starts April1l. He stated that 
requirements for these coals, which are 
vital to the manufacture of coke for stee| 
and gas industries and certain other prod- 
ucts required in making war materials, 
will be so great that it probably will be 
necessary to increase diversions begun 
last August from industries which use 
them chiefly for making steam. 

A new regulation has been issued, as 
the first step in laying plans to make cer- 
tain that the fuel is shipped in needed 
amounts to plants where its consumption 
will contribute directly to war production. 
This requires all industrial consumers of 
the special purpose coal to make their 
1945-1946 contracts with suppliers before 
February 1. The contracts must be for- 
warded to the Solid Fuels Administration 
for War prior to February 10 for approval. 
From information to be supplied by con- 
If you want to see how lightness can be sumers along with the contracts, the SFAW 
combined with utmost sturdiness in a Portable will determine the amount and sizes of 
Pop or Relief Valve, just look at and then study special purpose coals a war plant or other 
the FARRIS design. You'll find the bowl- a ponder proton 

. ; e oO e reporte 

ii ge te og gee oped requirements additional coal may be pro- 

gs © ge...y vided to a consumer by specific direction, 

necessary weight anywhere on the valve. In this being diverted if necessary from other 
addition, like all FARRIS Safety and Relief 


industries which can use coals that are 
Valves, you'll find this a truly precision built more plentiful. 
valve of highest quality in every detail. Companies who own both mines pro- 


peti ’ ; ; ducing special purpose coal and the plants 
Built in sizes from % in. to 2% in. and for where it is used are not required to file 


pressures to 250 lb. steam. Write for full formal contracts between the mines and 
information without obligation . . . you'll find their consuming plants, but must submit 
it well worth while to become acquainted information before February 10 showing 
with this outstanding value in Pop Valves. é' the anticipated production of the captive 
mines and the use to which the tonnage 
FARRIS ENGINEERING COMPANY rneem. 

352 Commercial Ave., Palisades Park, N. J. Energy Production and Fuel 
Consumption 
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Latest figures issued by the Federal 
Power Commission show that the electric 
energy produced for public use in Novem- 
ber 1944 totaled 18,888,508,000 kwhr, a 
decrease of 1.7 per cent as compared 
with November 1943. However, for the 
twelve months ending November 30, 1944, 
the production was 227,866,830,000 kwhr, 
which represented an increase of 5.9 per 
cent over that for the twelve months end- 
ing November 30, 1943. 

The capacity of generating plants in 


' utility service in the United States is 

R E L i e 7 : given as 50,234,657 kw. 
| Consumption of fuel by utility plants 
in November 1944 was 6,830,787 tons of 


bituminous coal, 289,744 tons of anthra- 
cite, 1,838,076 bbl of fuel oil, and 26,633,- 
241 mfc of natural gas. This last figure 


represents a 12 per cent decrease from the 
October consumption. 
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Middle East Oil Supply vs. 
Domestic Oil Policy 


The President’s action on January 10 
in asking the Senate to return the Anglo- 
American oil agreement for revision to 
correct certain misunderstandings, re- 
vives interest in oil supply from the 
Middle East and its possible effect on 
our domestic market. It is therefore 
pertinent to review the opinion of Robert 
E. Wilson, President of Pan-American 
Petroleum & Transport Company, con- 
cerning this matter, as expressed before 
the New York Section, A.I.M.E. last 
November and later reported in Mining 
and Metallurgy. Mr. Wilson’s remarks 
were in substance as follows: 


One of the most startling facts con- 
cerning the Middle East fields is that a 
total of 160 wildcat wells drilled have 
proved up reserves about as great as 
the entire proved reserves of the 
United States, namely, 20 million 
barrels. (As a wild guess, it probably 
took something like 50,000 wildcat 
wells to find ours.) This indicates 
that the Middle East fields are incom- 
parably richer than those in this 
country. 


It is obvious that this oil is going 
to find an outlet, and in order to 
eliminate much disruption and waste, 
some form of international agreement 
should be effected. 


Logically, the Arabian areas would 
supply a larger portion of the European 
market in the future. This. would 
tend to back up the stream of oil now 
going to Europe from the United 
States and Venezuela. It would mean 
a larger proportion of the Venezuelan 
oil coming to the United States. Inci- 
dentally, these changes would take 
place with no substantial increase in 
the amount of tanker haul required 
and with no great shifting of the price 
unless there were some international 
price war or some major change in im- 
port policy on the part of this Govern- 
ment. 


Oil import policy can constitute a 
serious problem. If we let imports 
come in too freely we will not hunt for 
oil here. Private industry will not 
enter aggressively into development of 
oil from shales and coal as long as crude 
prices remain about at present levels. 
It would seem that the sound thing to 
do would be to keep enough oil coming 
in so that there will be no lack for trans- 
portation or legitimate industry, but 
not so much as to prevent domestic oil 
prices from being high enough to keep 
our geologists and drillers hunting for 
oil; also, our chemical engineers inter- 
ested in developing substitute sources 
of oil. 


The most serious and imminent 
danger to the future of the petroleum 
industry lies in any threat to the future 
of research and technology, which are 
indispensable multipliers of our natural 
resources. In this connection recent 
attacks on our patent system, by im- 
practical theorists and faddists, point 
an effective way to super-sabotage the 
future. The only thing that can pre- 
vent our country from having abundant 
liquid fuel for many generations at 
reasonable prices, is interference with 
the free play of technology and com- 
petitive enterprise. 
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A PRACTICAL SYSTEM THAT 
AUTOMATICALLY CONTROLS 


.»» FURNACE PRESSURE, STEAM 
PRESSURE, FANS AND STORERS 


You can get all the advantages of balanced draft with the Enco system 
which conforms to accepted practices of combustion control and yet 
is simple and easy to install and maintain. 

It is adaptable to all methods of coal firing . . . stokers of the under- 
feed, overfeed, spreader or traveling grate types, as well as hand-firing. 


The apparatus is so free of complications and delicate mechanisms 
that it can be installed by your own maintenance crew and kept in 
operation with the greatest ease. 


It may be either hydraulically or pneumatically actuated. 


Ask for bulletin BD 43 on “Combustion Control” and get the facts 
on this practical, low cost system that has been in use for over 25 years 
on more than 1000 boilers. 


THE ENGINEER COMPANY 


75 WEST STREET ( |Matee> NEW YORK,N.Y. 

















MURRAY 


TEE 


1845-1945 
We begin our second century old 


in years, but young in our eager- 
ness to serve. Our warehouse 


stock of steel, tubes, boiler tools 
and fittings is at your call— 
immediately. 


A B MURRAY CO: 





644 GREEN LANE ELIZABETH, N. J. 














WANTED TO BUY FOR 
ST. LUKE’S HOSPITAL, CHICAGO, ILLINOIS 


CYLINDER COMPLETE WITH CYLINDER HEAD, 


PISTON AND VALVES FOR 
17 x 17 Fleming 4-Valve Engine 


Manufactured by Harrisburg Foundry and Machine Company 


Length of Cylinder Casting: Flange to Flange 32 inches 


Please reply to: Vern E. Alden, Engineers 
120 South La Salle Street 
Chicago 3, Illinois 














Turbine Notes 





The General Electric Company, in jts “ 
annual review of power generation, ob. 
serves that, despite heavy demands on the Rece: 
production facilities of turbine manufac. “BJectr 
turers during 1940—covering more and Corps, 
more turbines for naval, maritime and West t 
mobile power applications—hundreds of war Va 
thousands of kilowatt capacity were built plants { 
for stationary power plants in this coup. Design 
try, as well as some for export. _Practj. by Ge 
cally all were for installation where addi. Co., Al 
tional generating capacity was needed to of proc 
meet demands of war industries. and ca 
The largest of the Schenectady-built front a 
turbine-generators installed during the Asa 
year was that for the Twin Branch Station that si 
of the American Gas & Electric Company. cities p 
It was an 85,000-kw cross-compound ma- or stat 
chine and the fifth of that size for this upon t 
company. Other such units were to have bor, th 
been built, but to save manufacturing ca- ply ad 
pacity for the war effort and to reduce the of elec 
number of forgings and parts required, the ship lo: 
designs were changed to 80,000-kw single- been sé 
cylinder machines. With one exception, supply 
the larger turbine-generators supplied dur- locatec 
ing the year were hydrogen-cooled and the edge, € 
majority were designed for rotative speeds sist in 
of 3600 rpm. utility 
necess 
Higher Steam Temperatures Now Possible The 
The Westinghouse Electric & Mfg. volt, 3 
Company states that successful operation house 
over two years with the 950-F, 125,000- nected 
kw turbine at Burlington Station and Power 
with the 950-F, 50,000-kw, 1600-psi top. § compl 
ping unit at Sherman Creek Station in substa 
New York makes it possible to take the barge. 
next step in initial temperature by going 2000-k 
to 1000 F. A 50-deg rise in temperature of transf 
the inlet steam means a gain of nearly two 12,000 
per cent in the calculated overall plant power 
efficiency. switch 
Incidentally, the latter company an- or sub 
nounces a new type of blade construction 
to meet the need for stronger impulse Luk 
blades in the high-pressure range. The 
root of each blade is shaped like an in- 
verted U, and three blades are brazed to- Luk 
gether to form a solid segment which fits promi 
into circumferential grooves in the spindle. compé 
With the segments in position holes are organ: 
drilled crosswise through the rotor and cation 
through the edges of two adjacent seg- South 
ments. Pins are then driven through the many 
holes and the ends peened. The result is have 
a tightly locked structure in which the of ott 





areas carrying stress are positively known, 
which is something not always possible 
with multiple-fit blades. 


Also, a new reaction blade that per- 
mits wide variation in speed with rela- 
tively small reduction in efficiency has 
been developed by Westinghouse. In 
sharp contrast to the blades with a rela- 
tively sharp forward edge, as commonly 
used, the new reaction blade looks in 
cross-section like a curved airplane wing, 
with its characteristic blunt leading edge. 
The maximum efficiency obtainable 1s 
practically the same as that of blades hav- 
ing sharper inlet edges, but the blunt-edge 
blade suffers much smaller depreciation of 
efficiency for off-peak relationship of 
blade and steam speeds. This is especially 
important in marine and some industrial 
applications where variable-speed tur- 
bines are used. 
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Army Engineers Design 
Floating Power House 


Recent completion of the power barge 
“Mectra,” for the U. S. Army Engineer 
Corps, caused electrical engineers in the 
West to speculate on the potential post- 
war value of such mobile floating power 
plants for harbor and navigable river areas. 
Designed by the Army Engineers and built 
by General Engineering and Dry Dock 
Co., Alameda, Calif., this barge is capable 
of producing a power block of 6000 kva 
and can be towed to any desired water- 
front area. 

As a post-war unit, it has been suggested 
that similar plants could be employed in 
cities providing harbor facilities as disaster 
or standby power stations. Depending 
upon the production demands in any har- 
bor, this same unit could be used to sup- 
ply additional power when a large block 
of electricity is needed for construction, 
ship loading or unloading. Although it has 
been said that it might not be practical to 
supply this power to shore transformers 
located more than a mile from the water’s 
edge, engineers say such a barge could as- 
sist in equalizing the load demand on the 
utility company supplying the area, when 
necessary or as desired. 

The ‘‘Electra’”’ has eight 750-kva, 2400- 
volt, 3-phase, 60-cycle, 720-rpm Westing- 
house generators driven by direct-con- 
nected Winton diesels of 1300 hp each. 
Power is fed through a unit switchgear, 
completely enclosed, to an outdoor-type 
substation mounted on the stern of the 
barge. This substation comprises three 
2000-kva oil-insulated self-cooled step-up 
transformers, from 2400 volts primary to 
12,000 volts secondary. The 12,000-volt 
power is transmitted from the outdoor 
switch house through a cable to the dredge 
or substation being fed bv the barge. 


Lubrication Engineers Form 
National Society 


Lubrication engineers, representing 
prominent industrial and transportation 
companies and including educators, have 
organized the American Society of Lubri- 
cation Engineers with headquarters at 135 
South La Salle Street, Chicago. While 
many papers and meetings on lubrication 
have occupied places on the programs 
of other engineering societies, lubrication 
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engineers have long felt the need for a na- 
tional organization pertaining directly to 
their profession. In carrying out this ob- 
jective it is stated that there will be no 
conflict with the activities of other socie- 
ties along this line. 

Officers of the new society are C. E. 
Prichard, Republic Steel Company, presi- 
dent; J. C. Peebles, Illinois Institute of 
Technology, vice-president; B. H. Jen- 
nings, Northwestern University, secretary 
and treasurer. Directors include D. N. 
Norris, Inland Steel Company; I. L. Har- 
per, Lehigh Valley Railroad; and D. E. 
Whitehead, Carnegie-Illinois Steel Co. 

The first national convention has been 
scheduled for February 8 and 9 at the 
Stevens Hotel, Chicago. 


Personals 


Herbert B. Reynolds, until recently 
Superintendent of Motive Power of the 
I. R. T. Division of the New York City 
Transit System, has been given the duties 
of Superintendent of Power Generation for 
the entire system which includes the Inter- 
borough Rapid Transit, the Brooklyn- 
Manhattan Transit, and the Independent 
Subways. In this position he has charge 
of all the power stations, representing a 
combined capacity of 600,000 kw and an 
annual output of over 1,600,000,000 kwhrs. 


Livingston W. Houston has been elected 
president of Rensselaer Polytechnic In- 
stitute, Troy, N. Y., which has the dis- 
tinction of being the oldest engineering 
college in the United States. A mechani- 
cal engineering alumnus of this school, 
class of 1913, Mr. Houston has been asso- 
ciated with its administration for the past 
13 years. He succeeds Dr. William O. 
Hotchkiss who retired. 


Royal L. Meyer has been appointed 
Chief Engineer and Assistant Manager of 
the Steam Division of The Swartwout 
Company, Cleveland, O. Until recently 
Mr. Meyer was a partner of Vern E. Alden, 
consulting engineer, Chicago, and had 
previously spent 18 years with the Stand- 
ard Oil Company of Indiana in power 
plant work. 


Fred H. Hehemann, until recently 
assistant chief engineer of the Lunken- 
heimer Company, valve manufacturers, 
has been appointed chief engineer, suc- 
ceeding J. J. Aull who retired on De- 
cember 31 after nearly fifty years with the 
company. Mr. Hehemann has been with 
that organization since 1904. 


David C. Prince, a vice president of 
General Electric Company has recently 
been placed in charge of the company’s 
General Engineering Laboratory, the 
activities of which will be broadened to 
include the requirements of the entire 
company. Mr. Prince is a past president 
of the American Institute of Electrical 
Engineers and joined the General Electric 
Company shortly after graduation from 
the University of Illinois in 1912. 
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Corrosion 


*‘Corrosion,’”’ a 54-page publication 
issued by The International Nickel Com- 
pany, presents a comprehensive analysis 
of corrosion principles. The opening sec- 
tion explains how corrosion processes 
work, and discusses all the known factors 
that influence their action: acidity of 
solution, oxidizing agents, temperature, 
agitation, films, inhibitors, surface condi- 
tion, stress, heat treatment, welding, con- 
centration cells, and galvanic action. 
These discussions are illustrated with 
graphs, drawings and tables. A detailed 
review of testing methods follows, and the 
applicability of Monel, nickel and Inconel 
in various corrosive media is analyzed in 
the closing section. Tables list nearly 500 
typical corrosives in which these alloys 
have been successfully used, and report 
the results of more than 120 specific tests 
under varied conditions in 44 common 
corrosive agents. 







Flow Meters 


Cochrane tilting U-Tube mechanical 
type meter is illustrated and described in 
an 8-page publication (No. 3010-31). 
Three fundamental features are incor- 
porated in this high torque mechanical 
meter: (1) flow measurement by response 
to difference in pressure by a mercury seal 
in a U-Tube; (2) weighing mass by means 
of a beam balance; and (3) the use of 
torsion tubes as the scientific solution of 
the stuffing box problem. 


Oil Burners 


A new 4-page bulletin (No. 802), de- 
scribing the Peabody Type M Oil Burner, 
has just been prepared by the Peabody 
Engineering Corporation. It describes 
and illustrates the mechanical and opera- 
ting features of the burner, for natural or 
forced-draft operation and for use with 
mechanical, wide-range mechanical or 
steam atomizers. 


Measuring Instruments, 
Telemeters and Controls 


Leeds & Northrup Company has issued 
a new 28-page publication (ENT-7a) which 
describes all its measuring instruments, 
telemeters and controls for regulating 
power plant processes. The equipments 
are grouped according to their applica- 
tions. Under ‘‘Electrical Generation”’ are 
those for measuring load telemetering and 


totalizing, frequency and time deviation, 
kvar, voltage and generator temperatures. 
Under ‘‘Generation of Steam, Hydro and 
Diesel Power,’’ those for measuring gas 
analysis, smoke density, speed, electrolytic 
conductivity and boiler temperatures, 
liquid level and hydro temperatures, and 
engine temperatures. Also described are: 
the Centrimax Flowmeter; the L & N 
Load-Frequency Control; Metermax Com- 
bustion control—a pneumatic-electric sys- 
tem; and Type P Combustion Control— 
and all-electric system. 


Steam Condensers 


C. H. Wheeler Manufacturing Co. has 
issued a folder featuring its line of Dual 
Bank Steam Condensers. It illustrates 
this company’s condenser development 
since 1916 and also its latest standard and 
low-head types of surface condensers. 

Another 4-page folder issued by the 
same company features standard and 
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special type Tubejet Vacuum Pumps, 
Tubejet can be used with almost any type 
of steam condenser. 


Thermocouple Data Book 


A new enlarged edition of its Thermo. 
couple Data Book and Catalog has been 
issued by Wheelco Instruments Company, 
Designated Bulletin S2-5 and containing 
40 pages, the catalog describes products, 
gives prices and offers recommendations 
for thermocouple users. It gives data 
helpful in selection of thermocouples, lead 
wire, protecting tubes, heads and insula. 
tors. Also included are millivolt tables on 
the various types of thermocouples, tem- 
perature conversion tables, tables on wire 
resistance and on pipe and wire sizes, and 
a fraction-decimal equivalent chart. 


Water Flow in Pipes 


Grinnell Company has issued a Uni- 
versal Calculator for flow of water in pipes, 
designed by T. Francis O’Connor to show 
simultaneously all hydraulic factors usu- 
ally required in water works problems, 
This slide calculator gives readings for: 
length, size and coefficient of pipe; flow 
in gpm; velocity; total pressure loss in 
pounds (and feet) for given pipe length. 
No matter where the slide is set, all figures 
visible in the windows of the Calculator are 
true (based on the Hazen & Williams 
formula) simultaneously. 
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In the Beaumont “Vac-Veyor” pneumatic ash handling system the 
exhauster, receiver, separator and air washer are combined as one 
unit. Operating advantages include: (1) All ash delivered into the 
silo, none into the air. (2) Ash delivered dry. No freezing or packing 
in silo. (3) Continuous operation, with low steam consumption. 
What are your ash handling problems? Send today for literature. 


BEAUMONT BIRCH COMPANY 


1506 RACE STREET 
DESIGNERS ¢ MANUFACTURERS e ERECTORS OF COAL AND ASH HANDLING SYSTEMS 





PHILADELPHIA, PA. 
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Water Testing Apparatus 


The Bird-Archer Company announces a 
new Multitest cabinet for the testing of 
water samples. It is compact (24 X 22 X 
11 in.) and is ingeniously devised to ac- 
commodate any one or all of the following 
tests: Hardness, Alkalinity, Chloride, 
Phosphate, pH, Sulphite, Sulphate and 
Dissolved Oxygen. The testing equipment 
can be rearranged at will. 

It is equipped with glareless fluorescent 
lighting, so that the most delicate end- 
point may be seen, and specially designed 
titration tables help to eliminate any 
possible splashing of sample. 


The illustration above shows cabinet 
with testing equipment for Hardness, 
Alkalinity, Chlorides and Soluble Phos- 
phate. 


Ash-Handling System 


New design features in the Beaumont 
“Vac-Veyor”’ pneumatic ash-handling sys- 
tem are announced by the Beaumont Birch 
Company. Ash receiver, separator and 
air washer are now combined in one unit 
on top of the silo. The mixture of-ash, 
steam and air enters the receiver tangen- 
tially, and centrifugal action throws heavy 
ash particles out of the stream into the silo 
while baffle plates in the separator (and 
reduced steam-air velocities) cause the 
light ash to settle into the silo through a 
conical baffle. The steam-air mixture 
then passes to the washer where any re- 
maining light fly ash can be washed away 
through 4-in. soil pipe. The manufacturer 
states that, in most installations, the use 
of sprays in the air washer is unnecessary. 


Electronic Temperature 
Recorder—Controller 


An Electronic Type Resistance Ther- 
mometer suitable for indicating, recording 
and controlling temperatures between 
-100 F and 1000 F is announced by 
Bailey Meter Company. This recorder 
operates on the null balance principle and 
Provides instantaneous balancing action 
by electronic detection and control. Indi- 
cating recording and controlling mecha- 
nisms are all driven by the same reverisble 
electric motor which adjusts the slide re- 
sistance to balance the measuring bridge. 
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As many as four recording pens may be 
used, each one being provided with its 
own continuously connected electronic 
control unit and measuring bridge. 

Bailey Air-Operated Control, Electronic 
Control or contacts for on-off electric con- 
trol may be provided for as many as two 
temperatures by the multiple-pen instru- 
ment. Alarm contacts, operated by aa 
adjustable cam, may be provided for any 
or all of the recorder units. 

Temperature measuring circuits may be 
arranged to calculate the sum, difference 
and ratio of temperatures. 


Forced-Draft Blower 


Westinghouse Electric & Mfg. Company 
announces a vertically-operated steam- 
driven blower for cargo ship service. 
No governor is used because speed is 
limited by the blower, the load of which 
increases as the speed is cubed. Over- 
speed is thus eliminated. No oil cooler 
is used (and therefore no water connec- 
tions), and only one steam gland is re- 
quired as both bearings are placed below 
the turbine element. This also permits 
the removal of the entire rotating element 
(with bearings) as a unit assembly. 
Furthermore, by a unique arrangement of 


oil chambers, no packing is needed to hold 
oil. 


Fan-Cooled Worm Gear 


Forced air-cooling, as employed in the 
new De Laval Fan-Cooled Worm Gear 
Speed Reducer, is claimed to remove the 
heat of high-speed operation so effectively 
that the capacity of the gear is doubled 
for practically all ratios and sizes at 1750 
rpm. This permits the use of smaller, 
lighter and less expensive speed reducers 
without sacrifice of efficiency or durability. 


As can be seen from the illustration, a 
fan mounted on the worm shaft draws air 
at high velocity over and around heat 
dissipating ribs upon the air side of the 
oil reservoir housing the gearing. The use 
of a double wall increases the effectiveness 
of the cooling by confining the cooling air 
to the housing and thus securing the close 
air-to-metal contact necessary for maxi- 
mum heat transfer. 
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Above is a small Sauerman Scraper System arranged for hand shiftin 
of tail-blocks. The picture was taken soon after machine was install 
and accordingly shows only the start of the stockpile which eventually 
covered the entire storage area to a height of 15 ft. and contained 
about 25,000 tons of coal. 


T WILL PAY YOU to investigate Sauerman Power Drag 
Scraper Systems for storing and reclaiming coal. 


You can save labor for these systems move coal to and from 
any point in the storage area under virtual “push-button” 


You can save space for a Sauerman machine stores maximum 


You can avoid unnecessary hazards for a Sauerman machine 
builds a pile that is homogeneous, compact and safe. 


You can save money for users’ records show consistent average 
maintenance costs of only $.0025 per ton of coal handled per 
100 ft. of haul. Installation cost is surprisingly small. 


At hundreds of plants Sauerman Systems are doing a better, 
safer, cleaner job of storing and reclaiming coal. They can 


SAUERMAN 
ADVANTAGES: 


@ One-man operation 

@ Maximum use of space 
@ Greater safety 

@ Low-cost equipment 

@ Upkeep simple 

@ Adjustable range. 
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* §50 S. CLINTON ST., CHICAGO 7, ILL. 
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full load and every purchaser of -a De - 
Laval-IMO pump is therefore, assured. 
that his pump before shipment has demonstrated 
its ability to handle oil of given characteristics 
under the specified conditions. This is one of the 
ways in which our aim always to build the best 
is achieved in practice. * Ask for Catalog 1-113. - 


1MO pump DIVISION 


of the De Laval Steam Turbine Company, Trenton 2, N. J 
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STUDS ¢ BOLTS ¢ NUTS 
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strength alloy steels. 
Alloy steel studs, bolts and 
nuts for high pressure uses 
stocked for immediate ship- 
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Write for complete catalog! 
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